Background. Hygiene interventions reduce child mortality from diarrhea. Vaccination visits provide a platform for delivery of other health services but may overburden nurses. We compared 2 strategies to integrate hygiene interventions with vaccinations in Kenya's Homa Bay district, 1 using community workers to support nurses and 1 using nurses.
Methods. Homa Bay was divided into 2 geographical areas, each with 9 clinics. Each area was randomly assigned to either the nurse or community-assisted strategy. At infant vaccination visits hygiene kits were distributed by the nurse or community member. Surveys pre-and post-intervention, measured hygiene indicators and vaccination coverage. Interviews and focus groups assessed acceptability.
Results. Between April 2009 and March 2010, 39 158 hygiene kits were distributed. Both nurse and communityassisted strategies were well-accepted. Hygiene indicators improved similarly in nurse and community sites. However, residual chlorine in water changed in neither group. Vaccination coverage increased in urban areas. In rural areas coverage either remained unchanged or increased with 1 exception (13% third dose poliovirus vaccine decrease).
Conclusions. Distribution of hygiene products and education during vaccination visits was found to be feasible using both delivery strategies. Additional studies should consider assessing the use of community members to support integrated service delivery.
Childhood vaccination is one of the most cost-effective and equitable health services [1, 2] . It has one of the highest coverage rates among child survival interventions, with 82% global coverage of the third dose of diphtheriatetanus-pertussis vaccine (DTP3) in 2009 [3] . Because the childhood vaccination schedule recommended by the Expanded Programme on Immunisation (EPI) includes 5 visits during the first year of life, vaccination services provide a platform for health services delivery and reinforcement of other health messages [2] . Adding other health services to a vaccination platform has been proposed as a way to increase coverage of those services and/or vaccinations. Delivery of vaccination services jointly with bednet distribution has been reported to increase the coverage of both bednet use and vaccinations in routine and campaign settings [4] [5] [6] [7] . Diarrheal diseases are major sources of childhood morbidity and mortality, responsible for an estimated 19% of mortality among children aged ,5 years [8] . Diarrhea risk can be significantly reduced through hygiene interventions including household water treatment and handwashing with soap [9, 10] , making it a possible intervention for integration with routine vaccination services.
Community health workers (CHWs) can support vaccination and other health service delivery in human resource-poor settings. A meta-analysis found evidence of the effectiveness of CHWs in promoting childhood vaccination uptake; however, many of the studies were in developed countries [11] . The 2 examples from developing countries described CHW contribution but noted a lack of evidence-based evaluations [12, 13] . A program in Malawi documented an association between home visits by CHWs and increased water treatment and hygiene behavior, as well as greater use of maternal health services, in pregnant women [14] . Adding other health services onto a vaccination platform places a potential burden on existing staff, particularly without additional resources [15] . Using CHWs could help alleviate this additional burden on staff, but evaluations of such approaches are limited.
In 2005, a Kenyan nongovernmental organization, the Safe Water and AIDS Project (SWAP), established a network of community-based groups in the Homa Bay district to provide health education and products, including water treatment, in their local communities. SWAP members purchase health products at wholesale prices and sell them at retail prices, thus making a small profit [16] . A study called Safe Water and EPI [17] built on this network by providing education on safe water practices and distributing hygiene products to caregivers of children brought to clinics for routine vaccinations. The Safe Water and EPI study focused on comparing vaccine coverage and hygiene knowledge and practices in the intervention district (Homa Bay) to those in a control district (Suba) [17] . In the intervention district, 2 distribution strategies were utilized to provide the hygiene intervention: SWAP members assisting nurses with the hygiene intervention during vaccination visits and nurses providing the intervention as part of their normal routine.
The evaluation described here is nested within the larger Safe Water and EPI evaluation and focuses only on the 2 distribution strategies in the intervention district. We evaluated the relative effectiveness of 2 distribution strategies (SWAP vs clinic nurses) for integration of vaccination and hygiene interventions. Rural health centers and dispensaries in Homa Bay district are typically staffed by 1-3 nurses; 2 hospitals have 3-4 nurses at a time providing immunizations. For consistency, we refer to all immunization service delivery points as clinics. Although understaffing and workload affect the ability to provide integrated services, previous integration of water treatment and hygiene promotion into maternal and child health services in Homa Bay resulted in significant improvements in maternal behavior [18] . We had 3 objectives: to compare the impact of the 2 distribution strategiesdby community members vs nursesdon household water treatment practices and the ability of caregivers to demonstrate proper handwashing practices; to assess caregiver, nurse, and CHW preferences for the 2 strategies; and to determine if the addition to the nurses' workload (in nurse sites) adversely affected vaccination coverage.
METHODS
The intervention district (Homa Bay) was divided into 2 areas that each included 9 clinics. The division was done by drawing a line on a map such that 9 clinics were geographically clustered; administrative boundaries were intentionally not considered. A coin flip determined which geographical area would have clinic nurses take responsibility for the intervention and which would utilize SWAP members. SWAP members were given a transportation and meal allowance to provide the intervention during vaccination visits. The 1 urban area in Homa Bay has 2 clinics. This urban area was part of the area assigned to the ''nurse'' strategy. A post hoc decision was made during analysis to stratify the nurse sites into urban and rural to avoid potential confounding. Human subjects approval was obtained though the Kenya Medical Research Institute and Centers for Disease Control and Prevention institutional review boards.
In March 2009, 2-day trainings on hygiene and the intervention were conducted for nurses (n 5 36) from all clinics. SWAP members (n 5 21), already familiar with the hygiene component, received 1 day of training. The intervention began immediately thereafter and continued for 1 year. At each routine vaccination visit (the immunization schedule in Kenya includes 1 dose of BCG vaccine at birth; 3 doses of oral poliovirus vaccine [OPV] and pentavalent DTP-hepatitis B-Haemophilus influenzae type b vaccine [Penta] at 6, 10, and 14 weeks of age; and measles vaccine at age 9 months [19] ) for children ,12 months of age, the caregiver was educated about hand hygiene and drinking water treatment and storage and given a free hygiene kit that included a bottle of sodium hypochlorite treatment solution (WaterGuard), a bar of soap, and a hygiene brochure; the retail price received by SWAP vendors for WaterGuard was $0.27 and for soap was $0.15. Education was provided through group health talks (20-30 minutes), one-on-one communication, or both.
Quantitative Assessment
As part of the Safe Water and EPI study, pre-and postintervention population-based surveys were conducted in early 2009 and 2010 to determine caregiver hygiene knowledge and practices and vaccination coverage. For each stratified-cluster survey, the district was stratified by sublocation (administrative unit) to ensure all areas of the district were included. Enumeration areas (EAs) within each sublocation were stratified into urban and rural, and a minimum of 1 urban (if available) and 1 rural EA was randomly selected for each sublocation. Sample size details are reported in the Safe Water and EPI study manuscript [17] . A target age range of 2-20 months was selected to provide four 1-year cohorts of children eligible to receive vaccinations at 6,10, and 14 weeks and 9 months of age ( Figure 1 ). For example, because the first dose of Penta vaccine should be given to children at 6 weeks of age [19] , a 1-year cohort of children who were eligible to receive this vaccine was needed at follow-up (ie, children aged 2-13 months). Caregivers in all households with target-age children in selected EAs were approached to participate in the survey and provided informed written consent. Data were collected using a handheld personal digital assistants (PDAs) enabled with a global positioning system (GPS). To reduce the time required to administer the survey, a survey with basic vaccination, hygiene, and demographic questions was administered in all eligible households; an expanded version with more detailed hygiene and demographic questions was administered in approximately one-third of eligible households that were randomly selected by the PDA program.
Hygiene intervention outcomes included WaterGuard awareness, knowledge, and use and caregiver handwashing technique demonstration. To obtain objective evidence of WaterGuard use, the presence of free chlorine residual in stored drinking water was evaluated using the test tube DPD (N,N-diethyl-pphenylene diamine) color comparator method (LaMotte) during household interviews.
Vaccination-related outcomes were up-to-date coverage (having received all recommended vaccines for the age of the child, calculated among children 2-13 months of age) and implementation coverage (having received all doses for which the child was due during the intervention). (Up-to-date was defined as OPV1 and Penta1 for children 2 months of age; OPV1, OPV2, Penta1, and Penta2 for children 3 months of age; OPV1, OPV2, OPV3, Penta1, Penta2, and Penta3 for children 4-9 months of age; and OPV1, OPV2, OPV3, Penta1, Penta2, Penta3, and measles for children 10-13 months of age.) Implementation coverage calculations excluded doses that were due prior to the intervention period. We also assessed ''age-eligible'' vaccination coverage in 1-year age cohorts (eg, children 2-13 months of age who received the first doses of Penta and OPV). Vaccination status was calculated based on card-documented doses and caregiver recall.
In addition to the surveys, data were collected monthly from each clinic to monitor the process (eg, number of vaccine doses provided, hygiene kits distributed, and stockout frequency). In alternate months, sites received visits or were contacted by telephone. During monitoring visits in May 2009, September 2009, and February 2010, nurses and SWAP members were asked about time spent on activities related to the intervention. These data were validated in clinics through observations by the monitoring team and were used to calculate time and costs associated with distribution strategies.
Qualitative Assessment
In July 2009, a qualitative midintervention assessment was conducted at 3 SWAP sites and 3 nurse sites (1 urban and 2 rural). Sites were purposively selected for assessment to ensure variation in implementation strategy, population, and location (urban-rural and, among rural sites, distance from urban areas). At the SWAP Figure 1 . Vaccination coverage analysis ages and cohorts. *BCG and oral poliovirus vaccine (OPV) due at birth were excluded from coverage calculations. Children born between July 2008 and March 2009 (14-20 months of age at follow-up) were due for some vaccines prior to the intervention; these doses were not considered when calculating the implementation coverage.
à Children born between April 2009 and January 2010 (2-13 months of age at follow-up) were fully exposed to the intervention and were assessed to see if they were up-to-date on their vaccines. § Up-to-date was defined as OPV1 and pentavalent diphtheria-tetanus-pertussis-hepatitis B-Haemophilus influenzae type b vaccine (Penta) 1 for children 2 months of age; OPV1, OPV2, Penta1, and Penta2 for children 3 months of age; OPV1, OPV2, OPV3, Penta1, Penta2, and Penta3 for children 4-9 months of age; and OPV1, OPV2, OPV3, Penta1, Penta2, Penta3, and measles for children 10-13 months of age.
sites, semistructured interviews were conducted with 3 nurses, 3 SWAP members, 2 non-SWAP CHWs, 2 village chiefs, and the SWAP coordinator. At the nurse sites, interviews were conducted with 5 nurses and 3 non-SWAP CHWs. Nine focus groups (5 SWAP and 4 nurse sites) and 12 interviews (2 SWAP and 10 nurse sites) were conducted with mothers of infants.
Data Analysis
Survey data were analyzed using SAS software, version 9.2 (SAS Institute) and SUDAAN software, version 10 (Research Triangle Institute) to account for stratified-cluster design and appropriate weights. A finite population correction factor was used based on the total number of EAs in each stratum. All analyses accounted for stratification by baseline/follow-up and urban/rural and used EA as the primary sampling unit. Weighted coverage estimates and 95% confidence intervals (CIs) were calculated. Pre-and postintervention differences were calculated with confidence limits using the formula RD
3Std Err ðRD h Þ . For the approximate one-third of households administered the expanded survey, EAs with only 1 household were aggregated with the nearest EA. For analysis, households in urban EAs were analyzed because urban nurse distribution and households in rural EAs were disaggregated into SWAP or nurse distribution based on the clinic from which caregivers reported receiving services at follow-up. For caregivers not reporting a clinic, or if the clinic was outside of Homa Bay, geographical distance to the nearest clinic was used, based on GPS data collected at households. Wald F v 2 tests were used to evaluate the differences among rural SWAP, rural nurse, and urban nurse strategies and pre-and postintervention coverage. Monitoring data were analyzed using SUDAAN to account for clinic clustering. Statistically significant differences had a P value ,.05. For the qualitative assessment, analysis of interviews and focus group transcripts were carried out using thematic coding to identify emergent themes.
RESULTS
At baseline, 1361 households (1404 children) were surveyed: 230 urban households (240 children) and 1131 rural households (1164 children). At follow-up 2361 households (2419 children) were surveyed: 919 households (941 children) in rural SWAP sites, 927 households (949 children) in rural nurse sites, and 515 households (529 children) in urban nurse sites. At follow-up, GPS data were available for 2123 (90%) of households. During both baseline and follow-up surveys, ,1% of households refused to participate. At follow-up, 48% of interviewed caregivers in rural areas had completed at least primary school compared with 70% in urban areas (P , .01). Among houses with GPS data, median (Euclidian) distance between house and clinic was 2022 m (interquartile range [IQR] , 1384-2819) in rural areas compared with 1327 m (IQR, 768-2305) in urban areas.
Hygiene Kit Distribution and Stockouts
During the intervention 39 158 hygiene kits were distributed, 56% in nurse clinics and 44% in SWAP clinics; across Homa Bay 78% of child caregivers received a hygiene kit (Table 1) . Among those not receiving a hygiene kit, 22% had not been vaccinated and thus were not exposed to the intervention. Hygiene kit stockouts in the month prior to any of the monitoring visits were reported in 7% of SWAP, 21% of rural nurse, and 18% of urban nurse clinics (Table 2) . Vaccine stockouts occurred more frequently than hygiene kit stockouts and occurred with similar frequency in SWAP, urban nurse, and rural nurse clinics (Table 2) . Every clinic had stockouts of .2 different vaccines at some point during the intervention.
Hygiene Outcomes
The high percentage of child caregivers reporting ever having heard of WaterGuard or knowing where to buy it at baseline limited the ability to observe changes in these indicators (Table 3) . However, significant increases occurred for most other hygiene knowledge and practice indicators, particularly in rural sites; the magnitude of the increase was similar across distribution strategies ( Figure 2) . Caregivers who reported ever using WaterGuard increased significantly for rural sites (SWAP and nurse) but not for urban nurse sites where the baseline was already high (Figure 2) . Additionally, households reporting WaterGuard use and households with a bottle of WaterGuard observed increased from baseline to follow-up in both SWAP and nurse sites. Despite the increases in reported WaterGuard use, the percentage of homes where stored drinking water tested positive for free chlorine residual did not increase in either SWAP or nurse sites. Correct knowledge of WaterGuard use and ability to demonstrate proper handwashing increased significantly in both SWAP and nurse sites.
Vaccination Outcomes
''Implementation coverage'' and ''up-to-date'' coverage significantly increased in urban nurse sites, with no change in either nurse or SWAP rural sites (Table 4, Figure 3) . First, second, and third dose coverage of Penta increased in urban and rural sites. In rural nurse sites, third-dose OPV (OPV3) coverage significantly decreased between baseline and follow-up. Dropout (children who received the first Penta dose [Penta1] but not the third Penta dose [Penta3]), among children 4-13 months of age (ie, eligible for all Penta doses during the intervention) decreased significantly from 21% at baseline to 9% at follow-up in urban nurse sites with a nonsignificant decrease from 29% to 24% in rural SWAP sites and to 26% in rural nurse sites (Table 4) .
Qualitative Assessment
Information from the interviews and focus groups indicated that the intervention was well accepted in both nurse and SWAP sites by nurses, mothers, and SWAP members, with no major criticisms of either distribution strategy. However, there was concern around the inequity of only offering the intervention to children being vaccinated. Mothers felt the intervention should be expanded to include anyone ,5 years of age coming into the clinic, particularly those with diarrheal illness and/or pregnant women. Despite reporting that the intervention increased their workload, nurses viewed it favorably. One nurse commented:
It's also important that we reach our targets. So, if we are giving this incentive, they are coming and also helping us reach out targets, so it's on the positive side, not the negative.
Nurses did not report resentment toward SWAP members for providing hygiene education, an activity typically performed by nurses. Rather, the SWAP strategy was viewed as advantageous in busy clinic settings.
Many mothers reported that the program was effective at motivating women who otherwise might not vaccinate their children, as well as in encouraging mothers to vaccinate on schedule. However, some mothers cited barriers preventing women from being motivated by the program. One mother commented:
We tell them, but they find it difficult to walk here. They said that soap and WaterGuard can be bought at the Distance and/or cost for transport to get to the clinic were the most commonly cited barriers to vaccination. Furthermore, both nurses and mothers said that stockouts discourage women from returning to the clinic. One nurse noted:
You find mothers are coming with kids and they are sent away. They are told there are no vaccines. It happens regularly . it's bad, you encourage them to come, and then they come and don't get anything, and some of them are coming from very far.
SWAP members interviewed in the qualitative assessment valued participating in a program that they perceived helped their community. One member stated:
We are happy. [The intervention] has really helped us a lot because it has helped us reduce the number of diarrheal Abbreviations: CI, confidence interval; OPV, oral poliovirus vaccine; Penta, pentavalent diphtheria-tetanus-pertussis-hepatitis B-Haemophilus influenzae type b vaccine; SWAP, Safe Water and AIDS Project. a Observed number of children (not weighted).
b Percentage of doses received for which a child was due during the intervention.
c Percentage of children having received all recommended vaccines for their age, calculated among children 2-13 months of age who would have received all vaccines during the intervention period.
d Cohort of children that received Penta1, Penta2, and Penta3 during the intervention. cases. Also, we love it ourselves.when we tell them and we provide them with what we use, they follow.
Although both nurse and SWAP strategies were viewed favorably, additional advantages of the SWAP strategy were expressed, including the potential for SWAP members to have a slower and less intimidating educational style. One mother commented:
The community worker is better because he will only have one role and will teach you slowly so that you can understand, and if you don't, he'll repeat it for you to understand, unlike the nurse who will be doing different things.
Distribution Strategy Cost
Transportation allowances for SWAP members of 200 Kenyan shillings (KES; US $2.60 per day) totaled 402,660 KES (US$5223) over the year intervention, equating to an average cost Percentage point difference between baseline and follow-up* vaccination coverage with 95% confidence limits, Homa Bay, Kenya. *Rural differences are the difference between the pooled rural baseline and the distribution strategy-specific follow-up coverage. Up-to-date defined as: oral poliovirus vaccine (OPV) 1 and pentavalent diphtheria-tetanus-pertussis-hepatitis B-Haemophilus influenzae type b vaccine (Penta) 1 for childrenof 240 KES (US $3.12) per child reached (ie, up-to-date on vaccines; target population of 3048 in the 9 SWAP clinics 3 55% of children up-to-date in SWAP areas 5 1676 up-to-date children). In nurse clinics, nurses reported spending a median 15 hours per month (6%) of their time providing the intervention.
DISCUSSION
The combined distribution of hygiene products and education during vaccination visits was found to be feasible for both nurseand SWAP-distribution strategies. More than two-thirds of surveyed households in both nurse and SWAP clinic areas had received hygiene kits, and of these, .97% reported using WaterGuard. Nurses, SWAP members, and mothers indicated that the strategy used at their clinic was highly acceptable. The SWAP strategy was implemented to reduce the burden on nurses and strengthen the link between clinics and communities. In interviews with nurses, SWAP members, and mothers, there was a general preference for the SWAP strategy because SWAP members were perceived to spend more time educating mothers; be specifically dedicated to the project; be better able to relate to and be accepted by mothers; and to enable nurses to focus on other priority areas. Despite increased workload, nurses described the intervention positively because it enabled them to reach vaccination targets. Additional work associated with this intervention was reported to be minimal and readily incorporated into the normal routine, consuming only about 6% of a nurse's time.
Hygiene outcomes did not differ by distribution strategy. Despite increases in both nurse-and SWAP-strategy households in knowledge about water treatment and reported WaterGuard use and in the proportion of households in which WaterGuard bottles were observed, the percentage of homes where stored drinking water tested positive for free chlorine residual was low and did not increase with either strategy. Possible explanations for this low percentage, despite water treatment reported by caregivers, include diminished ability to detect residual chlorine after 24 hours in water stored in clay pots; highly turbid water; high organic load of unimproved water sources increasing chlorine consumption [20] ; and social acceptability bias influencing caregiver responses. Although microbiologic testing provides a better measure of drinking water quality, the expense limits its utility. Additionally, baseline data indicated that this population already had high levels of exposure to hygiene interventions, and this saturation possibly impacted practices.
With the exception of OPV3 decreases in rural nurse sites, coverage either did not change or increased. It is unclear why a drop in OPV3 was seen in rural nurse sites. Administration of Penta3, given at the same time as OPV3, did not similarly decrease. A possible contribution of OPV stockouts (only slightly higher in rural nurse clinics) is difficult to assess because prior stockout data were unavailable. Vaccine coverage improvements occurred only in urban nurse sites. The demographics of the urban households differed from rural households in that completion of primary school was higher and median distance to the health facility was shorter. Urban households had higher vaccine coverage than rural households, but urban households were only in nurse strategy sites, which although unavoidable in implementation of this evaluation, confounded analyses of the comparison between SWAP and nurse distribution. Findings from the qualitative assessment may help explain why vaccine coverage increases were greater in urban than in rural areas. The most common barrier cited by caregivers when asked why some caregivers might not vaccinate their children was distance to and/ or cost for transport to the clinic. Incentives such as hygiene kits may not be of adequate value to overcome access barriers more common in rural areas; in urban settings, where clinic location is closer and more convenient, the incentive may be sufficient.
Given that SWAP members were from the community, we might have expected better hygiene outcomes in areas served by SWAP. The lack of SWAP impact might be related to limited initial coverage of the SWAP program, resulting in a weaker than anticipated link between SWAP members and the community. For example, only 7 of 21 SWAP members were from the community that was served by the clinic where they worked. However, some less tangible benefits of the SWAP strategy were identified during the qualitative assessment. Respondents reported it was beneficial to have someone dedicated to hygiene kit distribution. Nurses welcomed the assistance of the SWAP members, even reporting that they assisted them with nonintervention activities. Some mothers reported that they preferred the more understandable, less intimidating educational style of SWAP members. In addition, SWAP members said they appreciated being a part of a program that helped their communities, potentially giving them a larger market for selling WaterGuard, and half mentioned the experience had provided other opportunities for them. These reported benefits are difficult to measure and their potential long-term impact on the community is unknown.
There were challenges in intervention implementation identified through both process data and the qualitative assessment. In both distribution strategies, mothers expressed concern about the equity of limiting the target group to children ,1 year, who represent only a portion of persons at high risk of diarrheal disease. Both mothers and nurses voiced concern that vaccine and hygiene kit stockouts might discourage subsequent vaccination visits. Although vaccine and hygiene kit stockouts potentially lowered coverage, they occurred with similar frequency and therefore were unlikely to affect distribution strategies. Nonetheless, the frequency of vaccine stockouts, although not anticipated, was a concern not only for this study but also for the vaccination program. Because there was only one urban area in the intervention district, which was randomized to the nurse distribution strategy, it was not possible to determine if This evaluation was subject to several limitations. Conducting the survey immediately postintervention enabled a shorter timeframe for impact evaluation but limited the vaccination coverage analysis. However, concurrence of the survey data with district administrative data provides additional evidence that coverage results were valid (data not shown). There is the potential for misclassification bias of the distribution strategy to which households were exposed; 7% of households either did not report using a clinic or did not report using the intervention clinics and were analyzed based on the nearest clinic. Furthermore, we do not have data from baseline to compare the clinics that were used preand postintervention. Due to incomplete GPS data at baseline, we were unable to stratify the baseline data by SWAP and nurse sites and thus were unable to assess direct change within each group. There was no evidence to suggest that the missing GPS data were not missing at random. Therefore, we explored the impact of this limitation on the reported results using the 40% of households with GPS data. Among this subset, baseline vaccination and hygiene outcomes were similar or slightly higher in SWAP sites compared with nurse sites, indicating that differences reported were not due to differences at baseline. WaterGuard was also provided through clinics to human immunodeficiency viruspositive mothers, resulting in possible confusion regarding receipt of a hygiene kit. However, interviewers were trained to probe in order to classify correctly. The baseline survey was conducted in February-March of 2009, during the dry season, and the followup survey occurred in March-April 2010, after the rainy season had begun. This may have had an impact on vaccine-seeking behavior as well as the perceived need to treat drinking water. Finally, because the evaluation was limited to 1 district, the results of the evaluation may not be generalizable to geographic areas with different characteristics.
Because many developing countries suffer from limited health worker resources [21, 22] , evaluations of integrated interventions involving CHWs who extend the work typically done by nurses are important. Both SWAP and nurse strategies to deliver a combined hygiene and infant vaccination intervention were feasible and acceptable. Additional studies should be considered to assess integration delivery strategies using CHWs, especially in populations less exposed to hygiene interventions and settings where the CHWs are more closely linked with the communities they serve, and in which the sustainability of distribution strategies can be evaluated. 
